The aim of this paper is to analyse the possible impacts of proposed biofuel production at Hoedspruit in the Olifants River Catchment. These impacts are looked at in terms of availability of water and subsequent consequences on downstream users, especially the Kruger National Park that is mandated to conserve and protect biodiversity in all facets and fluxes in its area of jurisdiction. Based upon a review of experiences with biofuel production and impacts around the world, water availability for sugar cane production to support proposed biofuel production was found to be a problem in the region that has an average rainfall of only 450 mm per annum. The Olifants River system already has a deficit of about 200 million m 3 /a; hence the sustainability of the sugar cane based biofuel industry in the proposed area is questioned in this review. It is advised that alternative plants for the production of biofuel that may not consume large quantities of water be examined.
Introduction
Global interest in biofuels has been driven by support for and increasing acceptance of the need for renewable energy sources and growing concern for the environment including climate change [1] . The use of fossil fuels has contributed to global warming and associated climatic changes [2] . The use of alternative energy sources such as biofuels, is being explored. [3] has hinted that the sugar industry in close collaboration with the government of South Africa is exploring legislative options which will accommodate the production of ethanol-based biofuel from sugar cane both within and outside the existing structure of the South African Sugar Industry. The draft biofuels plan [1] approved by the South African government is expected to produce 75 percent of the country's renewable energy target (over a billion litres of biofuels by 2013), in compliance with the Kyoto Protocol on climate change. The capital investment required would be about R6bn. The objectives of the Biofuel strategy are: to contribute to the country's development goals, to the renewable energy target, to generate employment and to the reduction of the negative impact of energy consumption on the environment [1] .
There are other international reports including [4] which argue that recent advances in knowledge mean that plantderived biofuels could meet about 30% of the global demand for liquid transportation fuels, drastically reducing the amounts of greenhouse gases released into the atmosphere from burning fossil fuels, without having an impact on food production.
In their article, [4] argue that advances in the technology used to produce and extract plant biomass to be burned directly or converted to liquid fuels may allow the expansion of productivity to a scale large enough to meet the demand for an estimated 30% of all liquid transportation fuels. This sort of expansion will depend on the availability of land and water. In areas where such an expansion will depend on rain-fed water, production will be sustainable. In South Africa and in the Hoedspruit area of the Olifants Catchment, the possibility of rain-fed cane sugar production is zero. Water in the Olifants systems is overdeveloped and in a deficit in terms of supply to water users. The expansion of biofuel production is a topic with complex economic, ecological, environmental and political concerns.
It is an accepted fact that irrigated agriculture accounts for 70% of global water withdrawals and therefore contributes substantially to global water scarcity. Based on biofuel production projections for 2008 and 2017, it was estimated that currently around 1% of all water withdrawn for irrigation is used for the production of bioethanol, mainly produced from irrigated sugar cane and maize [5] . [5] purport that in 2017 the amount of water to be withdrawn for biofuel production would increase by 74% if agricultural practices remain the same. Even though globally the amount of water withdrawn for the production of biofuels is modest, locally water scarcity problems may worsen due to irrigation of bio-ethanol feedstocks. In this context there is reason for concern in countries with fast-developing economies like India, China, Thailand and South Africa where the growing demand for food and energy causes an increased competition for already scarce water resources [5] . This situation will be aggravated if the projected bio-ethanol production will come from irrigated sugar cane.
This manuscript highlights concerns about unsustainable production of biofuel from cane sugar in a catchment that is already in a deficit (demand for water exceeds the supply). The objective of this paper is to bring to the attention of readers and authorities that although biofuel has some positive environmental impacts, its production should not be done in just every catchment and that the feedstock for such production should be investigated thoroughly in relation to the catchments in which such production will be made.
Study Area
An area in the Olifants River Catchment (Hoedspruit region) has been earmarked by some farmers for the growing of sugar cane to produce biofuel (Figure 1) . The specific sites are located in the Olifants River Primary Catchment (B). Locally, it is drained by two quaternary catchment areas, B71H and B60J. Surface water from the two sites drains northwest towards the Olifants River in the B71H catchment; and east towards the Blyde River in the B60J quaternary catchment [6] . The area earmarked for the production of cane sugar falls within the region which receives an average annual rainfall of ±500 mm. This implies that, the sugar produced in this catchment will be irrigation dependent. The Olifants River catchment is currently in a deficit of 192 million m 3 /a [7] . This means that the current demand is greater than the supply in the Olifants River catchment. The sugar cane production to support biofuel production in the catchment might increase the deficit which is expected to increase to 241 million m 3 /a by 2025 [7] . This will be as a result of changing from less thirstier plants to a thirstier crop, cane sugar. According to the ISP, the water resources in the Olifants are substantially regulated and are almost fully developed.
The Olifants River drains through the Kruger National Park (KNP), which is a major contributor to the South African economy, before emptying into the sea via Mozambique. The KNP needs water to maintain the biodiversity in the park. Mozambique also needs the water for their economic development. The raising of the Massingir Dam wall in the Olifants River catchment in Mozambique attests to this fact.
Currently, impacts on this Olifants River upstream and adjacent to the Kruger National Park have resulted to low flow, pollution and high silt levels in the river [8] [9] [10] [11] and loss of many riverine species of macro-invertebrates and fish that are dependant on flowing water as a habitat. Flow stoppages in the Olifants River have caused massive fish kills [10, 11] and the extirpation of one sensitive fish specie Opsaridium peringueyi [10] . Many more species might be lost if the flow in the Olifants is further limited. The specialist water assessment report for the project in question indicates that the ground water in the area is vulnerable to pollution. The aquifer can be divided into zones with differences in hydraulic properties and hence vulnerable to contamination. The aquifer vulnerability for all the aquifers was qualitatively evaluated using the parameters as set out in the DRASTIC method [6] . The quaternary deposit is a major, unconfined aquifer that will be vulnerable to pollution due to a shallower depth to groundwater, higher recharge, porous aquifer media, flatter topography and higher hydraulic conductivity [6] .
Methods
Since the production of crops for biofuels is relatively new in South Africa, various publications and literature reviews on the subject were sought globally to compare the lessons learned in various countries where biofuels from sugar cane have been produced. The water balance in the Olifants River Water Management Area (WMA) was reviewed. The Kruger National Park's experiences with both the quantity and quality of water in the Olifants River were recounted and applied to the proposed Hoedspruit experience with biofuels crop production which has yet to be implemented although the Record of Decision (ROD) for the establishment of the ethanol plant has been given by the Limpopo Provincial Government.
Discussion

Water as a Limited Resource
The depletion of water supplies is a global challenge to biodiversity, and biofuel production has contributed to additional agricultural water consumption [12] . The growing, harvesting and processing of crops for biofuel in most cases withdraw considerable quantities of water. It has been stated that the water used in corn-based ethanol refineries in the US is about four litres of water for every litre of ethanol produced [13] . According to the same source, data on water required for the various feedstocks indicate that sugar cane consumes large quantities of water (see Table 1 ). [14] says growing biomass needs between 1000 -3500 litres of water for the production of 1 litre of biofuel.
Water is a vital resource for South Africa's future prosperity. Its sustainable use within an integrated natural resources management framework for economic, social and environmental gains underpins planning and operational activities in the government, industry and community sectors. [15] rightly noted that "the growth and production of biodiesel/biofuel crops in high rainfall areas will impact on other water resource users and could only be permitted where water was available. Water is a critical limiting factor and many of South Africa's catchments are closed to further development requiring water. This applies particularly to irrigated agriculture and forestry. Water could be traded out with other licensed users, and typically one might find forestry being exchanged for biodiesel cropping should the economics be favourable. This is the "first economy" option, recognised by the Department of Minerals and Energy (DME), and would greatly reduce the net gain offered through biodiesel/biofuel production. The extensive planting of any crop which increases the biomass of the vegetation cover is likely to use more water. This can affect streams, rivers, and groundwater supplies [15] .
The amount of water that is purported for trading is from farmers who used the water for irrigation in the past but for Mango and citrus. Citrus and mango do not require the amount of water that cane sugar will need. Another question that needs to be answered is will the water supplemented from the game farms be sufficient enough for both the feedstock farming and the processing plant? Changes in land use may alter the amount of food being produced for local markets, and so might reduce food availability. Threats to biodiversity and loss of environ- mental services constitute another concern. Large commercial deals typically involve the transition from multiple land uses, intercropping and low-level use of forest products to forest clearance and monocropping. The water specialist assessment report on the project indicates that there will be no impact on the groundwater quantity as groundwater will not be used as a source of water supply. But, the report does not indicate the relationship between the surface and ground water as impacts on the ground water can affect the base flow in the rivers and vice versa. "The Blyde River irrigation scheme has a capacity of 8000 ha. The plant will use the same volume of water allocated to 30 -40 ha and would be obtained from irrigation rights that are not in use any more (due to changes of farming method from e.g. irrigation to game)" [6] . Where will the water for the feedstock come from? The agricultural assessment done for the pre-feasibility study concluded that the climate in the area of a 65 km radius from the proposed plant site is suitable for sugar cane growing. A radius of 65 km from the Ethanol Plant was used for the assessment as it forms the economic limit from where product can be transported to the plant. The rainfall ranges between 400 mm to 600 mm per year and the supplementary water of 1100 mm/a (totalling 1500 -1700 mm/a) would be obtained from the irrigation schemes in the feedstock area [16] .
The irrigation areas for the feedstock sources are located in the Olifants River primary catchment (B). This catchment is classified by the Department of Water Affairs and Forestry (DWAF) as stressed and no additional water is available for the expansion of irrigation areas. The only water that is available is from Hoedspruit Ethanol Plant. According to the water specialist assessment report, existing lawful use could be obtained by transforming existing irrigation areas with existing water allocations from e.g. mango and citrus to sugar cane and sweet sorghum. To determine the feasibility of planting sugar cane and sweet sorghum instead of citrus and mango, the water uses were compared. According to Dr. P. Scholtz (personal communication), member and former chairman of the Blyde River Irrigation Board, citrus and mango uses 9900 m 3 /ha/year and sugar cane and sweet sorghum use 11,000 m 3 /ha/year. The sugar cane and sweet sorghum water use in terms of the yield planned for in this project is therefore 11% higher than the current water use based on citrus and mango. This means that 11% less area would be available based on the higher water use, which leaves 30,600 ha of irrigation land available for sugar cane and sweet sorghum based on the higher water use. The DWAF indicated that due to the stressed nature of the Olifants Catchment, compulsory licensing will be implemented in the near future (DWAF-AGES Meeting). The DWAF will do an in depth investigation during the compulsory licensing process to determine the availability of water in the Olifants Catchment (B). "The Reserve is that portion of the natural flow that has to be available in a river or stream in order to sustain the aquatic ecology or environmental water requirements (EWR), and also to provide for basic human needs, in order to comply with Sections 16, 17 and 18 of the South African National Water Act (NWA), Act 36 of 1998. The Reserve is not a steady flow, but is a variable flow that mimics natural variations in flows in the river. The quantity that is required takes into account 'normal' conditions, as well as drought conditions. Provision has therefore only been made for that portion of the Reserve that is practically implementable. This will reduce the available yield of the whole system by 157 million m 3 /a in order to maintain the ecological categories at their recommended levels. The full Reserve with the flood component would have reduced the available yield by 221 million m 3 /a" [17] . The outcome of the recently completed reconciliation study includes a reduction in the water allocations with a consequent reduction in irrigation land with the availability of water as the constraint. The impact on the aquatic biodiversity will be worse. Currently, the Environmental Water Requirements (EWR) as indicated in the National Water Act (36 of 1998) is not fully implemented in the Olifants Catchment and the likelihood of the current situation deteriorating is imminent if such a project goes ahead. The above concerns will definitely have an impact on the management of biodiversity in the Kruger National Park which depends on water from the affected catchment. [18] reported that the Industrial Development Corporation (IDC) has announced that greener fuel will finally come to South Africa as R5.1 billion will be made available to develop liquid biofuels. The money will be used to support the production of 300 million litres of greener fuels every year from 2016 onwards. The project will explore feedstock such as maize, sugar cane, sorghum, soya beans and algae for fuel generation which includes bioethanol and biodiesel. According to the same source, it has been estimated by the sugar companies that replacing only 10% of the country's liquid fuel supply with sugar-based bioethanol could create 110,000 jobs in the industry.
Land Use Impacts
However, as indicated earlier in this review, existing uses in the study area are for high-value cropping-mangoes, oranges, avocados and the like. Sugar is a lowvalue crop, it generally uses MORE water than the abovementioned crops, and most certainly it takes less people to grow, manage, and market. It feeds fewer people too. To say that there will be job creation benefit where change of land use as indicated in this review is concerned is to repeat the gross misrepresentation of the facts by the project proponents. Jobs will be lost in this type of land use change and other livelihoods would also be lost. Land use changes such as those associated with extensive crop establishment of this nature can result in disturbance to flow patterns and damage to riparian zones and wetlands. According to [19] position statement, environmental degradation through biofuel production in the UK, Europe and globally may occur (and is already occurring in some parts of the world) through; 1) land use changes to accommodate energy crop plantations which result in loss, fragmentation and degradation of valuable habitats (especially grasslands, forests, wetlands and extensive agricultural areas) and negative impacts on associated biodiversity and ecosystem services; 2) intensification of agricultural production, i.e. increased use of agro-chemicals and water resources which leads to biodiversity loss, water shortages, increased water pollution and eutrophication, and soil degradation and erosion; 3) the release of carbon from natural carbon sinks, such as peatlands and forests, through land use changes, negating any carbon savings made through the use of biofuels whilst at the same time increasing overall global greenhouse gas emissions; 4) displaced food production encroaching on valuable habitats (land leakage); and 5) the unregulated use of genetically modified feed stocks (outside the EU), which may be damaging to wildlife, competitively displace native species or lead to gene flow with native species.
Increased biofuel production, especially based on conventional annual crops, may result in higher rates of soil erosion, nutrient leaching and biodiversity loss owing to the increased need for tillage [20] . In view of these concerns, at a meeting of the Mpumalanga Cane Growers Association (MpCGA) reported that the production of ethanol from sugar cane was currently not economically viable. The MpCGA insist that the Hoedspruit project would require about 20,000 ha (including feedstock production) to ensure sustainability and doubted whether there was adequate water in the Blyde River system to sustain sugar cane. It was further noted that although sugar cane was considered the best plant to use for ethanol production, there were doubts as to whether the natural environmental resources of Hoedspruit could sustain it without negative impacts on the biodiversity of the Kruger National Park (which is downstream).
Managing Biodiversity
The importance of water and related aquatic biodiversity can not be overemphasized. Although, the environment is recognized as a legitimate user of water in the National Water Act, South Africa, implementation of the reserve is yet to be realised in the Olifants system. This provision covers both surface and groundwater dependent ecosystems, streams, lakes, wetlands and springs. Providing water for the environment is necessary to ensure ecosystem integrity, productivity and long term sustainability. Healthy water dependent ecosystems contribute to the health of the water resources that sustain our industries and the community's economic, social and environmental values. The introduction of "alien species" for biofuel production may, result in the clogging of streams and rivers and other habitats in unintended ways, to the detriment of both water resources and biodiversity.
Urban and agricultural development has traditionally been seen as primary drivers of encroachment on important, biodiversity-sustaining ecosystems. But, according to [21] , the use of plant biomass to provide liquid fuels, is exacerbating agriculture's impact on biodiversity. The most significant biodiversity threat is the potential for biofuel feedstock production to extend agriculture's encroachment on native vegetation. "The current massive degradation of habitat and extinction of species is taking place on a catastrophically short timescale, and their effects will fundamentally reset the future evolution of the planet's biota" [22] . When humans manage an ecosystem for the purpose of food, fiber and fuel production, they often limit the biodiversity of that land area. The degree to which they limit biodiversity depends upon the type of agriculture that is practiced. In Brazil, deforestation and its impact on biodiversity has been one of the primary results of the biofuel boom in that country. The country's Atlantic Rainforest (Mata Atlantica) once covered more than 800,000 km 2 , but today only about seven percent remains [23] and much of that is severely fragmented [24] .
The quantity and quality of water in the Olifants River is continuously deteriorating [11] to the detriment of the biodiversity and this is making it difficult for the Kruger National Park to achieve its mission/vision [10] . It is believed that this is primarily the result of dam management, river abstractions and discharges from the mines and industries. The Kruger National Park fears that implementation of the sugar cane plantation for biofuel production in the Olifants River Catchment will make matters worse for the management and or the protection of biodiversity in the Olifants River Catchment.
Any Alternatives to the Use of Sugar Cane as
Biofuel Plant?
Woody biomass can be harvested sustainably for lumber and paper and may, therefore, provide biofuel feedstock for some regions [25] . By one estimate, the biomass that is harvested annually in the Northern Hemisphere for wood products has an energy content equivalent to approximately 107% of the liquid fuel consumption in the United States of America (US) [26] . Foremost among feedstocks are jatropha, palm oil, maize and soya for biodiesel and sugar cane for bioethanol. [27] indicates that biofuels reduce greenhouse-gas emissions in comparison to fossil fuels. But, Smithsonian researchers highlight a new study that factors in environmental costs of biofuel production [27] . Corn, soy and sugarcane come up short. The authors urge governments to be far more selective about which biofuels they support, as not all are more environmentally friendly than fossil fuels.
According to [28] , "the alien invasive Nypa palm (Nypa fruticans) which has invaded and colonized over 200 km 2 of the Atlantic coast around Nigeria have been proven to produce a far greater bio-fuel crop per hectare than sugar cane; yet it is regarded as one of the greatest environmental problems facing Nigerian coastal areas because the interests and capacity to produce bio-fuels or make other substantial use of the plant is currently lacking. Other invasive species like Lantana camara in eastern Africa, Water hyacinth (Eichornia crassipes) in most tropical waters can be converted into bio-fuels without undue stress on human foods". These alien plants do not need volumes of water for their growth [28] . [28] adds that industrial forest plantations covering millions of hectares across the world; e.g. Gmelina (Gmelina arborea) yield enormous amounts of seeds per hectare per season that can be collected and processed into bio-fuels, aside from possible use of crop residues as well as biogas from animal and human wastes to supplement our energy needs.
Conclusion
There is great potential for the effective introduction of biofuel to South Africa [29] . There are clearly good long-term prospects, though policy-makers must first be informed of the practical requirements, the potential for an affordable energy supply, and the barriers that will need to be overcome. International experience in this regard is a vital issue and should be carefully considered to avoid committing resources for the support of an illconceived approach. "The crop prices needed to establish a 10% biofuels industry in South Africa are unsustainable and in general are below production costs. Although oil companies are supportive of biofuels blending, the economics do not suggest a large, sustainable biofuels industry is possible in South Africa under the current dispensation [30] ." South Africa's population is growing and with the influx of people from neighbouring countries, we will need to increase our food production. On a global scale Johan Kuylenstierna, director of World Water Week 2007 says "food production will need to increase, water consumption will increase dramatically in the agriculture sector and biofuels will increase. This doesn't add up for the water perspective". It should also be emphasised that bioenergy could, compared to fossil fuels drastically reduce green house gas emissions if managed appropriately. Bioenergy also offers significant opportunities to improve sustainable development, especially in smaller scale rural areas, as underlined by the examples given in [31] for India, and by [32] for Tanzania. It should be noted, however, that research on sustainable bioenergy systems in South Africa is a very young science, so that few studies and empirical, field-derived data are not available as yet. This applies even more to sustainability issues of bioenergy in developing countries, e.g. South Africa, where semi-arid, arid and tropical climates restrict the application of results from "Northern" countries, which have different soils and climates and use different farming systems.
In this regard, China, a developing country has a word of caution for all developing countries venturing into biofuel production. According to [33] , developing countries face different situations than do developed countries. They must address the food security issue when they develop biofuels. We as authors of this paper will want to add our voice to the debate by advising the proponents of the sugar cane venture in the Olifants River catchment in South Africa or in other semi-arid catchments to carefully analyse all the critical issues associated with water in the catchment(s) before the project is initiated. Any such project should be undertaken with a view toward the long term and the practice of sustainability.
It can be concluded that biofuel production in South Africa would be a reasonable option only if; critical irrigation needs in semi dry and dry regions like the Olifants River Catchment can be avoided and, alternative crops that have little impact on the biodiversity with reference to water requirements are considered. As it stands, sugar cane production in the Hoedspruit region of the Olifants Catchment might not be a good idea.
Acknowledgements
We thank our colleagues from the Kruger National Park, especially, Harry Biggs and Stefanie Freitag-Scott who provided us literature on biofuels from different sources.
